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Southern Ill.. Univ NGR-14-008-003 

Chron ic  I n a c t i v i t y  

Male r a t s  (Holtzman) weiphine: 2 5 5 t 7  - grams a t  t h e  - 
b e g l n n l n q  o f  e a c h  e x p e r i n e n t a l  p e r i o d  were u s e d .  

In@; caRes ( F i g u r e  1) were  a d j u s t e d  w e e k l y  t o  m a i n t a i n  

t h e  r e l a t i o n s h i p :  

weight  i n  P I .  C o n t r o l  ( u n r e s t r a i n e d  a n i m a l s )  was 

i n d i v i d u a l l y  housed i n  18 cm x 2 5  cm x 1 cm h a n g i n g  wire 

cages. Food and  water were a l l o w e d  ad - l i b i t u m ,  however ,  

food  was removed 24 hours  p r i o r  t o  in v i v o  e x p e r i m e n t s  

t o  r e d u c e  t h e  c o n t e n t s  of  t n e  K a s t r o l n t e s t i n a l  t r a c t .  

F e s t r a i n -  

c a q e  volume i n  c c  = 4 9 4 . 0  + 1.037(body 

S l a n i f i c a n t l y  more (?<0.01) deaths  o c c u r r e d  i n  

r e s t r a i n e d  (31 o u t  o f  450) t h a n  c o n t r o l  a n i m a l s  ( 1 o u t  

of  450)  and  no d e a t h s  o c c u r r e d  a f t e r  t h e  1 3 t h  week .  

Growth c u r v e s  (Fipure 2 )  show a s i q n i f l c a n t  d i f f e r e n c e  

fn-an ______ boCy w c i E h t  ( P < O . ~ . - J ~ )  a t  t h e  e n d  o f  one week 

between c o n t r a 1  anr? r e s t r a i n e d  proup? which becomes 

m D r e  p rofound thrctlphollt, t h e  2 5  week exr fAr imenta1  p e r i o d .  

Thus restraified a n i p a i s  d o  n o t  E r o w  as f a - t  n o r  grow 

as  l a rge  as u n r e s t r a i n e d  animals, b u t  d o  continue t o  

qrow. 

i r ? c r e a s e d  t h e  r e s t r a i n e d  a n i a m a l s  became n o t l c e a b l y  

more d o c i l e ,  t h e  n u s c u l a t u r e  was f l a c i d  t o  the t o u c h  

and t h e  an!r,ais a n p e a r e d  weaker  t h a n  control a n i m a l s ,  

As che l e i ip th  of time i n  the  e x ~ e r l m e n t a l  houslrie: 
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?Jo difference was observed between proups in 

either adrenal or thymus aland weights. While differ- 

ences in hematocrit, fasting plasma glucose and leucocyte 

counts did occur between restrained and unrestrained 

groups, they were not consistent. 

Glucose Absorption -- In Vivo 

Plasma glucose changes during absorption were obtained 

from blood samples drawn from the tail into heparinized 

capillary tubes, before, immediately after, and at 10, 20, 

30, and 45 minutes after test meal administration. After 

centrifuging and recordinc the packed cell volume, 25 

microliters of the plasma were analyzed f o r  qlucose by 

the glucose oxidase method of Cawley -- et al. (2) without 

deproteinization. 

In all -- in vivo experlments a one m l  solution of 400 

mg glucose in water was administered to each animal by 

stomach tube wlthout previous anesthesla. Absorption 

was measured by the recovery and analysis of unabsorbed 

mutrient in the eastrointestinal tract at the end of a 

45 minute absorFtlcn Ferioa. After sacrifice of the 

animals, the esopharus, pyloric sphincter and terminal 

ileum were lipated and t h c  entire gstrointestinal tract 

removed. The stomach was separated from the intestine 

and the conterit of e a c h  rlnsed out wlth f i v e  19 ml 
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portions o f  warm saline and analyzed separately with 

Glucostat (Worthington Eiochemical Corp.) after depro- 

teinization with ZnSO4-BaOH. 

In one experiment changes in plasma glucose after 

test meai administration in 10 control and 10 restralned 

animals were recorded weekly for 25 weeks. Additional 

experiments of at least 10 control and 10 restrained 

animals each, were conducted after 5, 10, 15, 20 and 

25 weeks of the experimental housinR, In which, the 

unabsorbed contents of the Eastrointestinal tract were 

analyzed as well as obtaining the changes in plasma 

plucose during absorption. 

Curves of plasma q l u c o s e  concentration during 

absorption after 5, 10, 15, 20 and 25 weeks of the 

experimental housing ( F i g u r e  3) show that the control 

groups remain essentially unchanged. Restrained groups 

over the same period show an upward trend. The 

regression lines (?laure 4 )  for the plasma glucose 

concentration at 30 minutes after the administration 

of the test meal to control and restrained rats 

illustrates this phenomenon. The control line shows 

no significant changes from the 5th to the 25th week 

while the regression line f o r  the restralned animals 

increases linearly, has a sipniflcant slope (PcO.01) 
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and s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  (Pc0.05j between 

f i v e  week i n c r e m e n t s .  A n a l y s i s  o f  t h e  unabso rbed  

c o n t e n t s  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  45 min a f t e r  

t e s t  meal admiEistrat icf i  revea l  I?O s l m i f i c a n t  d i f f e r -  

e n c e s  be tween r e s t r a i n e d  and c o n t r o l  g r o u p s  i n  t h e  

R l u c o s e  r e c o v e r e d  I n  t h e  s tomach ,  o r  i n  t h e  t o t a l  

Blucose removed from t h e  t r a c t  ( T a b l e  1). Thus a t  t h e  

t e s t  meal  c o n c e n t r a t i o n  u s e d ,  no d i f f e r e n c e  I n  P a s t r i c  

empy t inp  o r  ir. a b s o r p t i o c  o f  z l u c o s e  c o u l d  be  demon- 

s t r a t e d  be tween e:rour?s after 5 ,  19, 15,  2 0  and 2 5  weeks. 

G l u c o s e  A b s o r r t i o n  I n  Vitro -- - ---- - 
T h e  Crane  and  Y i l s o n  ~ o d l f i c a t l o n  ( 3 )  o f  t h e  e v e r t e d  

i n t e s t i n a l  s a c  method ( F i g u r e  5 )  was u s e d .  U n f a s t e d  

animals were s a c r i f l c e d ,  t h e  i n t e s t i n e  rernoved and  

r i n s e d  w i t h  oxygena ted  rrammalian R i n g e r  s o l u t i o n .  The  

f i rs t  1 0  cm from t h e  p y l o r i c  s p h l n c t e r  and 1C crr from 

t h e  c e n t e r  o f  t h e  i n t e s t i n e  ( n i d p u t )  were e v e r t e d ,  one  

end  t i e d  and  t h e  o t h e r  end a t t a c h e d  t o  a c a n u l a  o r o t r u d i n p  

t h r o u g h  a r u b b e r  s t o n D e r .  I n c u b a t i o n  medium was Krebs-  

R i n g e r  b i c a r b o R a t e  ( 5 )  w i t h  p 1 u c 0 s e - C ~ ~  T l u s  c a r r i e r  

p l u c o s e  added t o  make the f i n a l  g l u c o s e  c o z c e n t r a t i o n  

555 ~ g ; / 1 0 0  m l .  The volume of t h e  m d i u m  on the  mucosa l  

( o u t s i d e )  compartment  o f  t h e  i n t e s t i n a l  s e , m e n t s  were 

3 5 . 9  m l .  Enough of t n e  medium was added t h r o u p h  t h e  
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c a n u l a  t o  t h e  serosal  ( i n s i d e )  compartment  t o  r a i se  

t h e  l e v e l  o f  t h e  l i q u i d  one t o  two ern above  t h e  l e v e l  

o f  t h e  mucosa l  s o l u t i o n .  The gas p h a s e  c o n s i s t e d  o f  

95% 92 - 5% C 0 2 ,  t h e  i n c u b a t i o n  n e r i o d  was 45 mln and  

t h e  t e m p e r a t u r e  37 C .  

A t  t h e  end  o f  t h e  I n c u b a t i o n  p e r i o d  b o t h  s e r o s a l  

and  mucosa l  s o l u t i o n s  were b r o u g h t  up t o  a c o n s t a n t  

volume and samples o f  e a c h  c o u n t e d  I n  B r a y ’ s  s o l u t i o n  

(1). The i n t e s t i n a l  sestmer.ts a f t e r  w e i c h i n z  were d i p e s t e d  

i n  N C S - 1  ( a  t o l u e n e  s o l u t i o n  o f  a a u a t e r n a r y  ammonium 

h y d r o x i d e ,  Nuc lea r -Ch icaao  C o r n . )  and c o u n t e d .  C a l c u l a t i o n  

of  the mg g l u c o s e  was based on t h e  quench  c o r r e c t e d  

s p e c i f i c  a c t i v i t y  o f  t h e  samples c o u n t e d  for a s u f f i c i e n t  

time t o  r e d u c e  cour i c in r  e r r o r  t o  less  t h a n  1 . 5 % .  

L i q u i d  s c i n t i ’ i a t i o n  c o u n t l n R  o f  p l u c o s e  !:I4 re -  

c o v e r e d  a f t e r  i n c u b a t i o n  o f  t h e  i n t e s t i n a l  s epmen t s  

d e m o n s t r a t e d  a l a r x e  I n c r e a s e  i n  i n t e s t i n a l  t i s s u e  con-  

c e n t r a t i o n  ( 1 . 2  t o  ? time..; the  c o n c e n t r a t i o n  of  t h e  

medium) as w e l l  as sone  i n c r e a s e  i n  t h e  s e r o s a l  concen-  

t r a t i o n ,  d e m o n s t r a t i n p  a c t i v e  t r a n s D o r t  ( T a b l e  2 ) .  

Xater movement I n  the same d i r e c t i o n  o c c u r s  s i m u l t a n e o u s l v  

w i t h  t h e  movement o f  a;lucDse from mucosa l  medium I n t o  

t h e  i n t e s t i n a l  segment  and 03 i n t o  t h e  serosal mediuni. 

The f i n a l  volume o f  f l u i d  i n  t h e  serosal. compartment  
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always I n c r e a s e d  ( f r o m  0 .05  t o  0 .36 ml above  t h e  i n t i a l  

volume 1. 

Glucose  o x i d a s e  a n a l y s i s  o f  f i n a l  mucosa l  s o l u t i o n s  

failed t o  show any d i f f e r e n c e s  be tween c o n t r o l  and  r e s t r a i n e d  

a n i m a l s .  D e t e r m i n a t i o n  of  t h e  mean s p e c i f i c  a c t i v i t i e s  

a s  w e l l  as t o t a l  C - 1 4  a c t i v i t y  o f  mucosa l  s o l u t i o n s ,  

s e r o s a l  s o l u t i o n s ,  and  t h e  i n t e s t i n a l  seprments y i e l d e d  

t h e  same l a c k  of d l f f e r e n c e s  be tween t r e a t m e n t s  when 

t h e  f o l l o w i n e  w e r e  comc:sre:',: ( a f t e r  t h e  5 t h  week o f  

t h e  e x p e r i m e n t a l  h o u s i n E ) ,  2 7  c o n t r o l  t o  28 r e s t r a i n e d  

d u o d e n a l  sepmcnts  and  17 c o c t r o l  t o  1 8  restrained rnidsut  

s epmen t s :  ( a f t e r  t h e  4 0 t h  week o f  t h e  e x p e r i m e n t a l  h o u s i n F ) ,  

10 c o n t r o l  anti 10 r e s t r a ined  midwut seqmen t s  were com- 

p a r e d .  Thus no s ! p n i f j c a r t  d i f f e r e n c e s  c o u l d  b e  shown 

t o  e x i s t  lr, a b s o r p t i o n  _- i n  ___ v i t r o  o f  g l g c o s e  be tween r e s t r a i n -  

ed a n i m a l s  a f t e r  5 o r  43 weeks  of  t h e  e x n e r i m e n t a l  housinp, .  

F r u c t o s e  Absorij4lon __ - I n  -~ Vivo  - - - _I_ __ . 

A two ml t e s t  z e a l  of fructose-C-3.4 p l u s  f r u c t o s e  

c a r r i e r  (250  mR i n  water) was a d m i n i s t e r e d  b y  p a s t r i c  

i n t u b a t i o n  t o  a n i m a l s  fas ted 2 4  h o u r s .  Afiimals were 

s a c r i f i c e d  ( c e r v i c a l  d i s j u n c t i o n )  60 n i n u t e s  a f t e r  t e s t  

meal a d m i n l s t r a t l o n .  L i g a t u r e s  were p l a c e d  on t h e  

e s o p h a g u s ,  p y l o r i c  s p h i n c t e r  and t e r m i n a l  I l e u m .  The  

s tomach ,  small and 1arRe i n t e s t i n e  were t h e n  removed, 
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separated, and homogenized individually in a mlcro-Warinc 

Slender for five minutes. The homogenates were depro- 

teinized with Somogy? reapents, filtered and a one ml 

sample of the filtrate prepared for C-14 analysis (4). 

Radlochromatonraphs of the recovered material (de- 

proteinized with trichloroacetic acid) show the C-14 to 

be  confined to a s?nEle Deak :  therefore fructose absorkec! 

was assumed to be fructose administered minus fructose 

recovered from the pastrointestinal tract at the end of 

the 60 mlnute absorptlon period (Table 3). 

The reeression line of control aniFals frorr, the 

5th t o  25th week of experimental housing shows no chanFe 

(Figure 6). Ovcr the same period the repression line 

of the restrained Froim shows a s i v n i f i c a n t  slone (P<O.@1). 

Furthermore, variance analvsis demonstrates that the 

remession line for restrained animals differed sipnif- 

Tcantly (P<C.O5) frcm the unrestrained ~roun. 

Fructose - Absorption -- In ; ; i t ro  -___ 

Unfasted snixais were sacrificed acd the small 

intestine removed an2 rinse? free of fts contents with 

cxygenated mammsliari P i n E e r  solution. Tne everted 

intestinal seprnent tf-.chniaue of Crarie and ';:ilsor, w e r ~  

followed as descr!ted in :fie Flucose stuc7,ies. The 

initial concpntratton was always 200 rnr/l?:! m-i ~f :l-c~ 
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medium. 

When f ruc tose-C-14  was i n i t i a l l y  p r e s e n t  on b o t h  

s l d e s  o f  a n  e v e r t e d  r a t  i n t e s t i n e ,  t h e  mucosa l  f r u c t o s e  

c o n c e n t r a t i o n  was found t o  b e  a r e a t e r  t h a n  t h e  s e r o s a l  

f r u c t o s e  c o n c e n t r a t i o n  a f t e r  6 0  m i n u t e s  i n c u b a t i o n  ( T a b l e  4 ) .  

A f t e r  i n c u b a t i o n  r e c o v e r y  o f  f r u c t o s e  (mg) from mucosa l  

s o l u t i o n  was shown t o  b e  c o n s i d e r a b l y  less  t h a n  t h a t  

i n i t i a l l y  added ;  however,  t h e r e  was no s i g n i f i c a n t  change  

i n  t h e  amount o f  f r u c t o s e  p r e s e n t  i n  t h e  se,osal s o l u t i o n .  

An i n c r e a s e  i n  f i n a l  s e r o s a l  volume o c c u r r e d  as t h e  

r e s u l t  o f  water movement a c r o s s  t h e  wai l  f rom t h e  mucosa l  

s i d e .  A t  t h e  same t i m e ,  t h e  mucosa l  f l u i d  volume was 

s l i g h t l y  d e c r e a s e d  from t h e  i n i t i a l  volume.  

When f r u c t o s e  was n l a c e d  o n l v  i n  the mucosa l  medium, 

t h e r e  was a movement of  f r u c t o s e  a c r o s s  t h e  wall i n t o  t h e  

s e r o s a l  s o l u t i o n  w l t h  a concomi tan t  movement o f  f l u i d  i n  

t h e  same d i r e c t i o n .  Altkouqh no  s i p n i f i c a n t  d i f f e r e n c e  

i n  f l u i d  o r  f r g c t o s e  xovemcnt was o b s e r v e d  be tween q r o u p s ,  

rnore f r u c t o s e  was movet? t h a n  when b o t h  compar tments  were 

i n i t i a l l y  f i l l e d  w i t h  f r u c t o s e  medium. 

The segrnent was a l s o  shown t o  permit : ;uEar  movement 

f rom s e r o s a l  t o  mucosal s o l u t i o n  when o n l y  t h e  s e r o s a l  

medium c o n t a i n e d  f r u c t o s e  i n i t i a l l y .  !!owever, t h e  n e t  

f l u i d  movement i n  t h e  s y s t e m  a l w a y s  remained u n i d i r e c t i o n a l ,  

t h a t  i s  from mucosal t o  s e r o s a l  s o l u t i o n .  
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Concentrations of both serosal and mucosal solutions 

did not differ significantly between control and restrained 

or between 5th and 25th weeks (Table 5). Movement of 

fluid from the serosal to mucosal solutions was shown 

to be greater i n  the 25th week than in the 5th week animais; 

however, the intestinal seKrnents of both control and 

restrained animals contained from 31-52X less fructose 

per gram tissue fluid in the 25th week than comparable 

segments from animals in the 5th week. 

Results of a study of 80  oven-dried intestinal 

segments from both groups of five week animals indicate 

that 8 ~ 1 %  of the wet weivht is tissue fluid and that 

there is also no difference in per cent d r y  weipht 

between groups (control versus restralned). 

- 

Phenylalanine Absorption -- In Vivo 

-- In Vivo phenylalanine absorptlon studies were 

performed on rats chronically restrained from 5, 10, 15 

and 25 weeks (Table 6). The auantity of phenylalanine 

absorbed in the restralned animals was signlficantly 

ereater than that of the control experiments (P<G.  01) 

at the 5th week period. During the followine: 10th and 

15th weeks of restriction the restrained rats were 

also shown to absorb a Kreater amount of Dhenylalanine 

but this difference is not statistically sirnjficant. 
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A comparison of gastrointestinal absorption i s  expressed 

by the ratio of nutrient absorbed by restrained ( R )  over 

that of the control (C) rats or R/C. The R/C values 

decrease progressively with increase in length of 

immobilization and, at the 25th week, the amount by 

the unrestrained exceeds that of restrained animals 

although not to a significant degree. 

Phenylalanine Absorption - In Vitro 

The amino acid uptake by the everted intestinal 

preparation after one hour incubation was expressed in 

terms of mg per 100 mg tissue wet weight as shown in 

T a b l e  7 .  The intestinal segments of the 5th week restraint 

were demonstrated to absorb a slightly greater amount 

of phenylalanine than the control as similarly observed 

in the -- In vivo studies of the same period; however, the 

I In vitro results failed to show a signiflcant difference 

between groups. 

Glycine Absorption In Vivo --- -- 
In Table 8, the mean values for total quantity of 

absorbed glycine at different leneth of perlods of 

restriction are shown. The difference in plycine absorD- 

tion is not statistically siRnificant throuRhout the 

entire 25 weeks of experimental housinn; however, the 

value is always p e a t e r  in the restrained state. 

1 0  
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O l e i c  Acid A b s o r p t i o n  I n  Vivo -- 
Data o b t a i n e d  from o l e i c  a c i d  s t u d i e s  a t  5 ,  1 5 ,  20 

a n d  25 weeks are summarized i n  Tab le  9 .  A s h i f t  i n  

a b s o r p t i o n  p a t t e r n  w i t h  time by t h e  r e s t r a i n t  c a n  be 

v i s u a l i z e d  from t h e  R / C  r a t i o s .  A t  t h e  5 t h  week,  t h e  

r e s t r a i n e d  ra ts  a b s o r b e d  a p p r o x i m a t e l y  1/3 o f  t h e  amount 

t a k e n  up by t h e  c o n t r o l  r a t s ,  b u t  t h i s  d i f f e r e n c e  was 

p r o g r e s s i v e l y  d e c r e a s e d  u n t i l  a t  the 2 5 t h  week when 

t h e  v a l u e  f o r  t h e  r e s t r a ined  a n i m a l s  was slightly 

greater  t h a n  t h a t  of t h e  c o n t r o l  a n i m a l s .  
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F i g u r e  1. C o n t r o l  and r e s t r a i n i n g  c a g e s .  The  

r e s t r a i n i n g  cage volume changes linearly 

w i t h  body weight  and body volume o f  

a n i m a l .  

22 
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Figure 3 .  Plasma glucose concentration as  a f u n c t l o r i  

of time. A ,  R ,  C ,  D and E r e n r c s e n t  5 ,  10 

15, 2 0  and 25 weeks or e x y e r l r n e n t a l  housinp 

respectively. 
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140 

0 

F'-IEure 4 .  Regression lines showinn t h e  relatlonship 

b e t w e e n  w e e k s  o f  r e s t r a l n t  and plasma 

gluccrsc concentration a t  3Q minutes after 

t e s t  meal administration. 
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F i g u r e  5 .  I n  V i t r o  I n t e s t i n a l  p r e p a r a t i o n  of Crane 

* and Wilson. 
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18-gauge n e e d l e  
r u b b e r  s t o p p e r  
50 m l  p y r e x  test  t u b e  
e v e r t e d  i n t e s t i n a l  segment  
g l a s s  c a n u l a  
22-gauge n e e d l e  , 

mucosal b e t h i n g  medium 
s e r o s a l  b a t h i n g  medium 

. 
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P i w r t  6 .  EeRression lines, RivinR ntp of t r u c t o s e  

absorbed per hour in v i v o  as  8 function 

of weeks of experimental h o u s i n p  ( 5 ,  10, 

15, 20 and 25) .  
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